Cancer is one of the leading causes of morbidity and mortality worldwide. There are various detrimental symptoms experienced by a cancer patient due to the disease and the undergoing treatment which adversely affects the Quality of Life (QOL) in these patients. Therefore, QOL and its evaluation have turned out to be progressively vital in the health care system. Hence, the aim of our study was to develop a predictor model to predict the QOL in cancer patients receiving chemotherapy. The study was carried out in the Department of Radiotherapy and Oncology, Kasturba hospital, Manipal, a tertiary care hospital. Predictor model was developed to predict the Quality of Life Scores (QOLS) using multivariate regression analysis. A total of 387 patients participated in the study. Mean age of the patients was 50.85 ± 11.82 years (95% CI, 49.66-52.03). In our study, 16.54% had poor global health status/QOL, 72.35% had average and 11.11% had a high global health status/QOL. A significant difference was found in the QOLS based on the age group, site of cancer, drugs used in treatment of cancer, age as a predisposing factor and organ system affected due to ADRs (respiratory system, sensory system, skin and appendages). In the predictor model, the Coefficient of determination R -square (R 2 ) was found to be 0.3267 indicating that 32.67% of the variation in the 'quality of life score' is explained by the independent variables included in the model. The F (45, 341) = 3.67, p < 0.001 indicating the overall significance of the regression model. Thus, the study showed that there are various predictors that can assess the QOL in cancer patients which can further serve as a guide to implement timely interventions to improve patients QOL.
INTRODUCTION
Cancer is one of the leading causes of morbidity and mortality worldwide. More than 60% of world's total new annual cases of cancer occur in Africa, Asia and Central and South America. These regions account for 70% of the world's cancer deaths (Cancer Report, 2014) . Cancer prevalence in India has been estimated to be around 2.0 to 2.5 million, with over 7-8 lakh new cases detected every year and 4-5 lakh cancer deaths per year (Project Proposal, 2012) . Cancer outcomes are traditionally measured in terms of overall survival, disease free survival, time to disease progression and other disease variables. Although these outcomes remain essential, there is a general recognition of the need to assess the impact of cancer and its treatment on patient's health-related quality of life (HR-QOL) (Chaukar et al., I2005) . WHO defines Quality of Life (QOL) as individual's perception of their position in life in the context of the culture and value systems in which they live and in relation to their goals, expectations, standards and concerns. It is a broad ranging concept affected in a complex way by the person's physical health, psychological state, level of independence, social relationships, personal beliefs and their relationship to salient features of their environment (WHO QOL, 1997) . The financial burden due to cancer is an important issue of concern for the purchasers and payers.
Adverse Drug Reactions (ADRs) are the basic reason for hospitalization and prompts huge expenses to society. As most ADRs never come to clinical attention, the expenses of hospitalization seems as a part of the total costs (Lundkvist and Jonsson, 2004) . ADR related morbidity and mortality have been estimated at US$ 30 billion to US$ 130 billion annually (Johnson and Bootman, 1995) . There are various detrimental symptoms experienced by a cancer patient due to the disease and the undergoing treatment which adversely affect the QOL in these patients. Hence, QOL and its evaluation have turn out to be progressively vital in the health care system (Guyatt et al., I1993) . With this background, the aim of our study was to develop a predictor model to predict the QOL in cancer patients who developed ADRs due to cancer chemotherapy.
MATERIALS AND METHODS
The study was carried out in the Department of Radiotherapy and Oncology, Kasturba hospital, Manipal which is a tertiary care multidisciplinary teaching hospital, provides both inpatient and outpatient healthcare services in all specialties. The study was carried out for a duration of 3 years (October 2011 to September 2014) and included 387 patients who developed ADRs due to cancer chemotherapy. Patients of either sex, age above 18 years and starting cancer chemotherapy in Kasturba Hospital, Manipal were included in the study. The study was approved by institutional ethics committee (IEC 169/2011) . Patients willing to participate were explained about the study and an informed written consent was obtained from each patient.
Patients admitted in the cancer wards were followed prospectively during their hospital stay. Baseline information comprising of demographic data like age, gender of the patient, disease and treatment variables were collected from the patient's record. Investigator went through the patient records including the case sheets, laboratory reports and prescription charts to monitor for the ADRs and the details were documented in the patient profile form. The total (direct and indirect) cost incurred by the patient due to ADRs was calculated. Length of stay of the patients in the hospital due to ADRs were assessed. QOL was measured using standard European Organisation for the Research and Treatment of Cancer QLQ-C30 (EORTC QLQ-C30) version 3. Patients were requested to fill the QOL questionnaire during the mid-cycle of cancer chemotherapy. The questionnaire was provided in a language that the patient could understand (English/ Kannada/ Malayalam). EORTC QLQ-C30 is a well-known instrument for measuring QOL in cancer patients and is composed of both multi-item scales and single-item measures.
These included five functional scales (physical, role, emotional, cognitive and social), three symptom scales (fatigue, nausea and vomiting, pain), six single items (dyspnoea, insomnia, appetite loss, constipation, diarrhoea and financial difficulties) and a global health status / QOL scale (Aaronson et al., I1993; Fayers et al., I2001) . To develop a predictor model for the Quality of Life Scores (QOLS), various independent variables used in this study included the age group and gender of the patient, site of cancer, onset of reaction, severity and preventability of ADRs, drugs causing ADRs, comorbid conditions, polypharmacy, age as a predisposing factor, organ system (blood, Cardiovascular System (CVS) Central Nervous System (CNS), Peripheral Nervous System (PNS), gastrointestinal, musculoskeletal, renal, respiratory and sensory system, skin and appendages) affected due to ADRs, length of stay of patient in hospital due to ADRs and total cost due to ADRs.
Statistical analysis
Data was analyzed using descriptive statistics and results were expressed in percentage, mean and standard deviation (SD). Mean with 95% confidence interval (CI) was used to summarize the age of patients. Mann-Whitney U test was done to find the significance of QOLS with all the independent variables in the study.
After scoring the data, predictor model was developed to predict the QOLS using multivariate regression analysis. Values of p < 0.05 were considered to be statistically significant. All analyses were performed using SPSS version 15.
RESULTS
A total number of 387 patients who developed 582 ADRs participated in the study with a mean age 50.85 ± 11.82 years (95% CI, 49.66-52.03). Table 1 shows the demographic characteristics of the patients and type of cancer. The patients who participated in this study were on various drug/drug combinations. Most commonly used individual drugs were cisplatin, capecitabine and paclitaxel. Of the drug combinations, paclitaxel + carboplatin and doxorubicin + cyclophosphamide were most frequently used.
Most of the reported ADRs (524) had latent onset followed by 41 which were sub-acute and only 17 had an acute onset of reaction. Severity of ADRs were assessed using Hartwig scale (Hartwig et al., I1992) . In our study, moderate (level 3) type reaction was the most observed followed by mild (level 1) and mild (level 2). Moderate (level 4a, 4b) and severe (level 5) were less observed and there were no severe (level 6) ADRs. 23 ADRs (severe level 7) lead to the death of the patient.
Based on modified Schumock and Thornton, it was found that most of the ADRs were not preventable (470), some were probably preventable (107) and very few were definitely preventable (5) (Schumock and Thornton, 1992) . It was found that 126 patients were on polypharmacy, 101 had comorbid conditions and 83 patients were above 60 years of age. In some patients, more than one predisposing factors were observed.
Patients on cisplatin reported highest no. of ADRs followed by capecitabine and paclitaxel. Of the drug combinations, patients on paclitaxel + carboplatin showed highest no. of ADRs followed by doxorubicin + cyclophosphamide. Commonly affected organ systems due to ADRs were blood, skin and appendages, gastrointestinal system, CNS and PNS.
Out of 387 patients, 51 were admitted to the hospital due to ADR/ADRs. The mean increase in length of stay of patients in hospital due to ADRs was found to be 12.5 days. The total cost due to ADRs in cancer patients on chemotherapy in our study was found to be INR 39, 72, 737 (≈ 62, 568 US$; 1US$ = 63.49 INR) . Table 2 represents the global health status/QOL in cancer patients with ADRs on chemotherapy. The scores ranging from 0-33.33, 33.34-66.66 and 66.67-100 represents poor, average and high QOLS. In our study, 16.54% had poor global health status/QOL, 72.35% had average and 11.11% had a high global health status/QOL. Relation between quality of life scores and independent variables In our study, significant differences were found in the QOLS based on age group, site of cancer, drugs used in treatment of cancer, age as a predisposing factor and organ system affected due to ADRs (respiratory system, sensory system, skin and appendages). Figure 6 depicts the median and IQR of QOLS according to the organ system (sensory system) affected in the patient. It was observed that there was a significant difference in the median QOLS between the patients with and without ADRs related to sensory system (p = 0.003). Figure 7 depicts the median and IQR of QOLS according to the organ system (skin and appendages) affected in the patient. It was observed that there was a significant difference in the median QOLS between the patients with 0-2 ADRs related to skin and appendages (p = 0.025). Predictor model for quality of life scores in cancer patients on chemotherapy 
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Model is as follows:
The Coefficient of determination R-square (R 2 ) was found to be 0.3267 indicating that 32.67% of the variation in the 'quality of life score' is explained by the independent variables included in the model. The F (45, 341) = 3.67, p < 0.001 indicating the overall significance of the regression model.
DISCUSSION
Global health status/QOL in cancer patients receiving chemotherapy in our study was found to be average for 72.35% patients with a mean of 47.17±21.48. This is similar to a study conducted by Cheng et al with a mean of 54.3±28.7 and Abdollahzadeh et al with a mean of 64.1±18.8 (Cheng et al., I2010; Abdollahzadeh et al., I2012) . However, it is in contrast to the study conducted by Nicolussi et al with a mean of 74. 91±23.36 (Nicolussi et al., I2014) .
In our study, a significant difference was observed between QOLS and age group of the patients. Similar findings were observed in a study where head and neck cancer patients aged below 65 years had significantly better HR-QOL than their counterparts (Hammerlid and Taft, 2001) . One of the study also showed that younger ages were significant predictors of poor QOL during chemotherapy (Le et al., I2004) . Although, a study reported that female sex was associated with worser HR-QOL, no significant differences were observed in our study (Graeff et al I2000). However, a study conducted in Iran also showed that there is no correlation between the QOL and gender of the patient (Heydarnejad et al., I2011) . A significant difference was observed between QOLS and site of cancer in our study which is similar to the findings by Wan Leung et al (Wan Leung et al., I2011) . In our study, a significant difference was found in QOLS based on the drugs used in treatment of cancer with drugs like 5-FU, docetaxel and sunitinib showing the lowest QOLS. A study by Le at al showed that the use of topotecan, cisplatinum and etoposide were significant predictors of poor quality of life during chemotherapy (Le et al., I2004) .
In our study, QOLS of patients with a total cost due to ADRs of more than Rs.50000 was found to be lower when compared to patients with a lesser total cost (< Rs.50000). Hence, it indicates that the economic burden has a negative impact on the QOL of the patients though it was not found to be statistically significant (p = 0.335). A study by Safaee et al reported that various ADRs caused due to cancer chemotherapy showed a significant impact on the QOL and financial difficulties of the patient (Safaee et al., I2008) .
Predictor model for QOLS was developed with the collected data. In this model, the coefficient of determination Rsquare (R 2 ) was found to be 0.3267 indicating that 32.67% of the variation in the 'quality of life score' can be explained by the independent variables included in the model. The F (45, 341) = 3.67, p < 0.001 indicating the overall significance of the regression model. The model included several independent variables as predictors which consisted of ADRs affecting the organ systems like blood, CNS, PNS, GIS, MS and sensory system, site of cancer like lymphomas and leukemias, bone and brain, drugs used in treatment of cancer like cisplatin, capecitabine, paclitaxel, docetaxel, bleomycin, geftinib and temozolomide. Among them, ADRs affecting GIS alone explained 16.50% of variation in the QOLS negatively.
One of the limitation of the study is that the predictor model developed were not validated due to unavailability of the adequate sample. Therefore, one of the major challenge in this area of research is focusing on developing the predictor models which requires large sample size. Since time is a constraint, long-term research is required to draw authentic and reliable conclusions.
CONCLUSION
The present study showed significant differences in QOLS based on the age group, site of cancer, drugs used in treatment of cancer, age as a predisposing factor and organ system affected due to ADRs (respiratory system, sensory system, skin and appendages). The predictor model for QOLS explained 32.67% of variation in the QOLS. Among the various predictors, ADRs affecting gastrointestinal system explained 16.50% of variation in the QOLS negatively. Thus, there are various predictors that can help to assess the QOL in cancer patients which can further serve as a guide to implement timely interventions to improve patients QOL.
